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Description 

The present invention relates to a spindle position- 
ing method for enabling a spindle motor to stop at a 
desired position stably in a shortest possible period of s 
time, by making the best use of the decelerating capa- 
bility of the spindle motor. 

In a known method of stopping a rotating spindle 
motor at a desired position, the motor is first deceler- 
ated to a base speed for positioning control in the stage 10 
of speed control; then control mode for the spindle 
motor is switched from the speed control mode to posi- 
tion control mode; and position loop control is carried 
out using the difference between a commanded stop 
position and a current position as a position deviation, is 
Such a method is disclosed in EP-A-0150216. 

In order to shorten the time required for the posi- 
tioning in this method, the value of position gain may be 
increased. If, however, the position gain is increased 
disregarding the accelerating/decelerating characteris- 20 
tics of the spindle motor, the spindle motor may fail to 
follow the speed command, causing an undesired over- 
shoot. Conversely, if the value of the position gain of the 
position loop is set too small for fear of the occurrence 
of overshoot, the time required for the positioning will 2s 
inevitably be prolonged. Thus, it is difficult to prevent 
overshoot and achieve quick positioning at the same 
time. 

JP-A-63-2731 14 discloses a constant position stop 
controller wherein the constant position stop operating 30 
time is reduced by making the speed command 
smoothly continuous before the switch from speed to 
position control mode. 

An object of the present invention is to provide a 
spindle positioning method not only being capable of 35 
preventing an undesired overshoot but also capable of 
positioning a spindle of a machine tool at a desired stop 
position in a short time. 

To achieve the above object, according to the 
present invention, when a fixed-position stop command 40 
is generated while operation of a spindle motor is con- 
trolled in accordance with speed control, the rotational 
speed of the spindle motor is reduced, according to the 
speed control, to a speed lower than or equal to a max- 
imum rotational speed defining a constant torque 45 
region; a value specifying the relation between present 
position and commanded stop position of the motor with 
respect to one revolution of the motor is set as an initial 
position deviation when the motor speed is reduced to 
the speed lower than or equal to the base speed, and so 
operation control mode for the motor is switched from 
the speed control mode to position control mode; and 
linear acceleration/deceleration control is carried out 
thereafter until the commanded stop position is 
reached. 55 

Further, the method comprises the steps of: detect- 
ing the speed of a spindle motor and a rotational posi- 
tion of the spindle motor with respect to one revolution 
of the spindle when the speed of the spindle motor 



becomes lower than or equal to said base speed; 
obtaining a minimum amount of movement required if 
the spindle motor is decelerated along a deceleration 
line set based on the detected speed, as well as a dis- 
tance from the detected rotational position to a target 
stop position; successively adding an amount of move- 
ment corresponding to one revolution of the spindle to 
the distance until the distance becomes greater than the 
minimum amount of movement and setting the obtained 
value as a position deviation; carrying out position loop 
control, based on a speed command obtained, by multi- 
plying the square root of the position deviation by a set 
position loop gain; and controlling operation of the spin- 
dle motor based on the speed command. 

Preferably, the minimum amount of movement is 
obtained by dividing the square of the detected speed 
by a parameter value preset according to the decelera- 
tion line, and the position loop gain equals the square 
root of the parameter value. 

Furthermore, a development of the method of the 
present invention comprises the steps of: (a) reducing 
the rotational speed of a spindle motor to a speed N, 
lower than or equal to a maximum rotational speed N1 
which defines a constant torque region, when a fixed- 
position stop command is generated; (b) calculating a 
number of pulses P1 that a position detector will output 
when the spindle motor is decelerated from the rota- 
tional speed N at a predetermined gradient (decelera- 
tion) until a final stop position is reached; (c) calculating 
a number of pulses a, which is required for the spindle 
to rotate in a forward direction from a present position to 
a commanded stop position within one revolution of the 
spindle; (d) comparing the number of pulses P1 calcu- 
lated in the step (b) with the number of pulses a calcu- 
lated in the step (c); (e) setting the number of pulses a 
in an error counter as an initial position deviation when 
the number of pulses a is greater than the number of 
pulses P1 , or setting a + n • Prev in the error counter as 
the initial position deviation when the number of pulses 
P1 is greater than or equal to the number of pulses a, 
where Prev is a number of pulses that the position 
detector outputs during one revolution of the spindle, 
the value a + n • Prev satisfying the relationship of 

a + (n - 1) • Prev < P1 ^ a + n • Prev 

where n is an integer greater than or equal to "1 and (f) 
subtracting the number of feedback pulses Pf. output 
from the position detector, from the initial position devi- 
ation obtained in the step (c) to obtain a speed com- 
mand by multiplying the square root of the obtained 
difference by a gain which is determined by a motor 
deceleration characteristic so that the operation of the 
spindle motor is controlled based on the speed com- 
mand. 

As mentioned above, according to the present 
invention, when the rotating spindle is to be stopped at 
a predetermined position, the rotational speed of the 
spindle motor is first reduced to a speed region which is 
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lower than or equal to the base speed and in which the 
torque is constant. Since in this region the torque is con- 
stant and thus linear acceleration/deceleration control is 
feasible, the spindle motor can be subjected to position 
control according to the predetermined deceleration line 5 
so as to be stopped at the final position. Thus, in the 
stage of deceleration before stoppage, the decelerating 
capability of the spindle motor is utilized most effec- 
tively, and the positioning time can be shortened without 
causing overshoot. 10 

Brief Description of the Drawings 

Fig. 1 is a block diagram showing a principal part of 
a spindle control circuit of a machine tool to which a is 
method according to one embodiment of the 
present invention is applied; 
Fig. 2 is a functional block diagram showing details 
of a motor control circuit according to the embodi- 
ment; 20 
Fig. 3 is a flowchart illustrating an outline of a fixed- 
position stop processing to be executed by the 
motor control circuit of the embodiment; 
Fig. 4 is a diagram illustrating principles of a 
method for calculating a parameter used in the 25 
fixed-position stop processing; and 
Fig. 5 is a conceptual diagram illustrating the rela- 
tionship between current position of a spindle motor 
and commanded stop position of a spindle. 

30 

Fig. 1 is a block diagram showing a principal part of 
a spindle control circuit of a machine tod according to 
an embodiment. A spindle 1 is rotated by a spindle 
motor A via a power transmission mechanism 2 com- 
prising gears, a timing belt, or the like. A position detec- 35 
tor 3 is mounted on the spindle 1 for generating a given 
number, Prev, of position detection pulses per revolution 
and outputting a one-revolution signal per revolution. 
The spindle motor 4 for rotating the spindle 1 is 
mounted with a speed detector 5 for detecting the rota- 40 
tional speed of the motor 4. 

The position detector 3 and the speed detector 5 
are connected to a motor control circuit 7. The spindle 
motor 4 is connected to the motor control circuit 7 
through a power circuit 6, while the motor control circuit 45 
7 is connected to a numerical control (NC) device 8, 
which controls various axes of the machine tool. The 
motor control circuit 7 includes a speed control section 
for controlling the speed of the spindle motor 4, a posi- 
tion control section for controlling the stoppage and so 
positioning of the motor 4, a processor for carrying out 
various calculations, a ROM, a RAM, etc., and controls 
the operation of the spindle motor 4 via the power circuit 
6 such as a transistor inverter or the like. 

The motor control circuit 7 further includes a coun- 55 
ter for counting position feedback pulses Pf supplied 
from the position detector 3, and a latch circuit for latch- 
ing the value of the counter each time it receives the 
one-revolution signal from the position detector 3. 



The power transmission mechanism 2 of this 
embodiment has a reduction ratio of 1:1. 

Fig. 2 is a functional block diagram of the motor 
control circuit 7. In the figure, symbol "a" denotes an 
error counter for storing the position deviation at the 
time of motor stoppage and positioning; "b", software 
means for executing a speed command calculation 
processing; and "c" and "d", proportional and integral 
gains of a speed control loop, respectively. Symbols "h" 
and T each denote a term of transfer function of the 
spindle motor 4, wherein Kt is a torque constant and Jm 
is inertia, and symbol "g" denotes an integral term of the 
transfer function for integrating the speed to obtain the 
position. S1 and S2 are switches illustrated for conven- 
ience' sake, and are selectively operated depending on 
whether the control mode of the spindle 1 is for the 
speed control or for the positioning control. 

First, the operation according to this embodiment 
will be outlined. Normally, the switch S2 is opened while 
the switch S1 is closed, and speed control is carried out 
based on a rotational speed command Vcmd supplied 
from the numerical control device 8, as in a conventional 
system. Specifically, a speed feedback signal Vf output- 
ted from the speed detector 5 is subtracted from the 
rotational speed command Vcmd to obtain a speed 
deviation, and the product of the speed deviation and 
the speed loop proportional gain n c n is added to the 
product of a value obtained by integrating the speed 
deviation and the speed loop integral gain "d" to obtain 
a torque command. Thus, the operation of the spindle 
motor 4 is controlled through the power circuit 6. 

When a stop-and-posrtion command and a spindle 
stop position (specific rotational position with respect to 
one revolution) are outputted from the numerical control 
device 8, the processor of the motor control circuit 7 
starts a "fixed-position stop processing" (described in 
detail later), shown in the flowchart of Fig. 3, to control 
the operation of the spindle motor 4 while preventing 
overshoot and making the best use of the decelerating 
capability of the spindle motor 4, so that the spindle may 
be positioned at the specified stop position. 

Referring now to Fig. 4 illustrating the principles 
underlying the invention, a method for obtaining a 
parameter will be described. Such parameter is 
required when carrying out fixed-position stop control 
while making the best use of the decelerating capability 
of the motor. 

In a rotational region not higher than a certain rota- 
tional speed N1 (rpm), the spindle motor 4 produces a 
constant torque, and thus linear acceleration/decelera- 
tion control is feasible in this region. This rotational 
speed N1 (rpm), or a maximum rotational speed per 
minute defining the constant torque region, is hereinaf- 
ter referred to as the base speed N1. The linear accel- 
eration/deceleration control is illustrated in the graph of 
Fig. 4, wherein the axis of abscissas represents time; 
the axis of ordinates, rotational speed; and a straight 
line L (deceleration line) in the figure indicates a decel- 
erating action. 
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In Fig. 4, when a stopping time required to bring the 
spindle motor 4 rotating at the base speed N1 to a stop 
by a maximum decelerating action is T1 , and a time 
required to bring the spindle motor 4 rotating at an arbi- 
trary rotational speed N (rpm) lower than the base 
speed N1 to a stop along the deceleration line L is T, the 
following relationship is fulfilled, since the gradient 
(deceleration) of the deceleration line L is fixed: 



t=h, 

N1 



N 



(1) 



Then, assuming that the number of the position 
feedback pulses outputted from the position detector 3 
during one revolution of the spindle 1 is Prev (pulses), 
P1 , a number of pulses to be generated by the position 
detector 3 from the time the spindle motor 4 starts 
decelerating from an arbitrary rotational speed N, lower 
than or equal to the base speed N1, along the deceler- 
ation line L until the motor is rotated to a commanded 
stop position is calculated. Since the area of a small tri- 
angle defined by the vertical dashed line, the decelera- 
tion line L. and the time axis (axis of abscissas) in Fig. 4 
is equivalent to the number of revolutions which the 
spindle makes until it stops, P1 , the number of pulses is 
given by the following equation: 



10 



15 



20 



25 



N1 Tm 
T1 " Jm+JL* 



60 

2n 



(6) 



Substituting the left side of equation (6) into the 
right side of equation (4) provides 



Tm 



Jm + JL 2n 



60. P1 



(7) 



In the above equation (7), since the motor output 
torque Tm, the motor inertia Jm, the load inertia JL, and 
the number Prev of pulses per revolution of the spindle 
1 are known, part of equation (7) can be used as using 
a parameter according to the motor characteristic, and 
expressed as follows: 



VPRM 



f 120 m Tm m 60 
Prev Jm + JL 2n 



(8) 



The value of the parameter PRM in equation (8) is 
written in advance in the ROM of the motor control cir- 
cuit 7. 

Based on equation (8), equation (7) can be 
expressed as follows: 



60 



Prev 



(2) 



From equations (1) and (2), the following equation 
is derived: 



P1 



Prev ( 
120 



II. N 2 
N1 



(3) 



Solving equation (3) for the rotational speed N pro- 
vides the following equation: 



N= /120..N1. P1 
VPrev T1 



(4) 



30 



40 



45 



n = Vpi • Vprm 



(9) 



Equation (9) indicates that, when the present speed 
is N, the most efficient deceleration til! stoppage can be 
implemented by carrying out a position loop control, 
wherein a position command of pulses P1 is given as an 
initial value of position deviation; a position deviation is 
obtained by subtracting the position feedback pulse Pf 
from the position deviation, and a speed command is 
calculated by multiplying the square root of the position 
deviation by the square root of the parameter PRM as 
the position loop gain. That is, the spindle motor 4 is 
decelerated and stopped along the deceleration line L 
shown in Fig. 4. 

Solving equation (9) for P1, the number of pulses, 
corresponding to the distance moved before the stop- 
page, provides the following equation: 



Provided the motor output torque, motor inertia and 
load inertia in the constant torque region are Tm, Jm, 
and JL, respectively, the following equation holds true 
based on the general formula related to torque and 
acceleration: 



P1 = N • N/PRM 



Jm + JL^ 
Tm 60 



(5) 



From the above equation (5), equation (6) is 
derived. 



50 



55 



(10) 



Equation (10) indicates that, when the rotational 
speed of the spindle motor 4 is N, the initial value of 
position deviation equals P1 , the number of pulses, cal- 
culated by equation (10). 

Thus, in order to stop the spindle 1 in short time by 
making the best use of the decelerating capability of the 
spindle motor 4, the rotational speed of the spindle 
motor 4 is first reduced to a rotational speed N lower 
than or equal to the base speed N1, and the position 
loop control is carried out using P1, the number of 
pulses calculated by equation (10) as the initial value of 
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position deviation, whereby the spindle 1 can be 
stopped at the position specified by P1, the number of 
pulses in the shortest time. 

When the spindle motor 4 has to be stopped by the 
stop-and-position command, a predetermined position 5 
within one revolution of the spindle 1 is specified as a 
target position. Specifically, the target position is previ- 
ously specified as a rotational position, which corre- 
sponds to a predetermined number of posrtion detection 
pulses (P2 pulses), from the time of generation of the 
one-revolution signal. 

Here, as shown in Fig. 5, let us consider the case 
where the spindle is currently at a rotational position 
("current position"), and PO position detection pulses 
have been generated from the time of output ("signal") 
of the one-revolution signal until the time at which the 
spindle reaches the current position. In order for the 
spindle to rotate in a forward direction (clockwise in the 
example shown in Fig. 5) and stop at a position (target 
position) coinciding with a position which is within one 
revolution from the current position, the amount of rota- 
tion of the spindle can be expressed in terms of the 
number of position detection pulses a (< Prev), as fol- 
lows: 

When P2 ^ PO as shown in Fig. 5(a), 
a = P2 - PO; and 
when P2 < PO as shown in Fig. 5(b), 
a = P2 - PO + Prev. 

After performing the calculation by equation (10) 
based on the rotational speed N to obtain P1. the 
number of pulses corresponding to the difference 
between the current position and the stop position, if it is 
found that the obtained value P1 is smaller than the 
value a (P1 < a), it means that the present speed N is 
lower than a speed for enabling the spindle to cover the 
distance equivalent to the pulses a in the shortest time. 
In this case, the amount of pulses a, not P1 , the number 
of pulse, is set in the error counter as the initial value of 
position deviation. Then, the feedback pulse Pf deliv- 
ered from the posrtion detector is subtracted from the 
initial position deviation a; the square root of the result- 
ing value is multiplied by a coefficient determined by the 
motor deceleration characteristic to obtain a speed 
command (see equation (9) above); and the position 
loop control is carried out (the switch S1 is OFF, while 
switch S2 is ON as shown in Fig, 2). As a result, the 
speed rises once above the present speed; however, 
still it is possible to position the spindle in the shortest 
time along the deceleration line L. 

When P1 , the number pulses corresponding to the 
difference between the current position and the stop 
position is greater than or equal to the value a (P1 ^ a), 
"a + n • Prev", where n is an integer greater than or 
equal to "1 " and satisfies the relationship: 



a + (n - 1) • Prev < P1 ^ a + n • Prev (11), 

is set as an initial value a' of position deviation. Then, 
the feedback pulse Pf delivered from the position detec- 
tor is subtracted from the initial position deviation a'; the 
square root of the resulting value is multiplied by the 
coefficient determined by the motor deceleration char- 
acteristic to obtain a speed command (see equation (9) 
above); and the position loop control is carried out 
(switch Si is OFF, while switch S2 is ON as shown in Fig. 
2). Since the value a' set as the initial value is equal to 
or slightly greater than P1, the speed may, in some 
cases, rise once somewhat above the present speed, 
but is thereafter immediately slowed down along the 
deceleration line L, and the spindle reaches the final 
stop position in accordance with the deceleration line L 
in the shortest time without causing overshoot. 

Fig. 3 is a flowchart showing an outline of the "fixed- 
position stop processing" employed in this embodiment 
to carry out the above-described control method. In the 
following, a spindle positioning method of this embodi- 
ment will be described with reference to the flowchart. 

Upon receiving the stop-and-position command 
from the numerical control device 8 and a stop position 
signal, which is given as the number of pulses P2 after 
generation of a one-revolution signal, the processor of 
the motor control circuit 7 executes the processing 
shown in the flowchart of Fig. 3 with every predeter- 
mined period. 

First, it is determined whether the present speed N 
of the spindle motor 4 is within a rotational speed region 
which is lower than or equal to the base speed N1 (Step 
S1). If the rotational speed N of the spindle motor 4 is 
not lower than or equal to the base speed N1 , the base 
speed N1 is thereafter outputted as the rotational speed 
command Vcmd with every predetermined period until 
the rotational speed N becomes lower than or equal to 
the base speed N1 (Step S2), thereby slowing down the 
rotational speed N of the spindle motor 4 to a level lower 
than or equal to the base speed N1. Specifically, with 
the switch S2 of Fig. 2 turned off while the switch S1 of 
the same turned on, the base speed N1 is continuously 
outputted as the rotational speed command Vcmd. 

If it is concluded thereafter in Step S1 that the 
present rotational speed N has become lower than or 
equal to the base speed N1 , the processor of the motor 
control circuit 7 determines whether a distance setting 
completion flag F is set (Step S3). At this stage, since 
the distance setting completion flag F remains reset 
because of initialization, the calculation by equation (10) 
is performed, using the value of the present rotational 
speed N f to obtain a number of pulses P1 , which corre- 
sponds to the distance over which the spindle motor 4 
will rotate before being stopped when the spindle motor 
4 is decelerated along the deceleration line L, and the 
obtained data P1 is stored in register (Step S4). 

Subsequently, the processor of the motor control 
circuit 7 subtracts the value of the counter at the time of 
detection of the one-revolution signal, latched in the 
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latch circuit, from the value of the counter for counting 
the position feedback pulses to obtain the rotational 
position P0 of the spindle starling from the position of 
detection of the one-revolution signal, and also sub- 
tracts the present position PO from the stop position P2 5 
falling within one revolution of the spindle to obtain a 
number of pulses a (= P2 - PO) equivalent to the dis- 
tance between the present position and the stop posi- 
tion (Step S5). If the value a is "0" or a positive value, it 
is stored in a position deviation register R(e) as an initial w 
value; if the value a is negative, the sum of the value a 
and the number of pulses Prev corresponding to one 
revolution of the spindle is stored in the position devia- 
tion register R(e) as the initial value (Steps S6 to S8). rf 
the number of pulses a (= P2 - PO) obtained in Step S5 15 
is positive, this indicates the presence of a state in 
which the present position PO is before the stop position 
P2 when considered on the basis of a one-revolution 
range starting from generation of the one-revolution sig- 
nal, as shown in Fig. 5(a). On the other hand, when the 20 
present position PO of the spindle motor 4 is past the 
stop position P2, as shown in Fig. 5(b), that is, rf PO > P2 
and a < 0 (Step S6), the number of pulses Prev corre- 
sponding to one revolution of the spindle 1 is further 
added to a (= P2 - PO) , and the value obtained or 2 s 
[P2 - PO + Prev = a + Prev ] is stored in the position 
deviation register R(e) as the initial value of position 
deviation. 

The processor then compares the obtained number 
of pulses Pi obtained in Step S4 with the value a stored 30 
in the position deviation register R(e), i.e., the number of 
pulses a corresponding to the distance to the stop posi- 
tion P2. If the value stored in the register R(e) is smaller 
than or equal to the obtained number of pulses P1 (Step 
S9), the sum of the value a stored in the register R(e) 35 
and the number of pulses Prev corresponding to one 
revolution of the spindle is stored in the register R(e) as 
a new value (Step S10), and the flow returns to Step S9 
wherein the new value a stored in the position deviation 
register R(e) is compared with the number of pulses P1 . 40 
As Steps S9 and S10 are repeated in this manner, the 
value stored in the register R(e) gradually increases. 
When the value stored in the register R(e) has become 
greater than the number of pulses P1 , that is, an integer 
n satisfying equation (11) is found, the flag F is set (Step 45 

511) , and the position loop control is initiated. Specifi- 
cally, the switch S1 in Fig. 2 is turned off, and the switch 
S2 is turned on. Then, the position feedback quantity Pf 
of the present cycle is subtracted from the position devi- 
ation e, which is stored in the position deviation register so 
R(e) as the initial value, to obtain a new position devia- 
tion e which is then stored in the register R(e) (Step 

512) , and the square root of the position deviation e, 
stored in the register R(e) is multiplied by the square 
root of the parameter PRM to obtain a speed command 55 
Vcmd (Step S13). The obtained speed command is 
transferred to the speed loop process and the process- 
ing of the present cycle is ended. 

In the subsequent and succeeding cycles. Steps 



S1, S3, S12 and S13 are repeatedly executed to carry 
out the position loop process, since the distance setting 
completion flag F is set. When the value stored in the 
position deviation register R(e) becomes "0", that is, 
when the position deviation becomes "O", the speed 
command also becomes "0" and the spindle 1 will be 
stopped. 

The above-described embodiment is concerned 
with the case wherein the reduction ratio of the power 
transmission mechanism 2 is 1 :1 (as in the case where 
the spindle 1 is directly coupled to the spindle motor 4), 
but the spindle positioning method of this embodiment 
can be applied to a system having a different reduction 
ratio, by appropriately correcting the various equations 
mentioned above. 

Claims 

1 . A spindle positioning method for positioning a spin- 
dle at a desired rotational position, comprising the 
steps of: 

reducing the rotational speed of a spindle 
motor (4), in accordance with speed control, to 
a speed (N) lower than or equal to a base 
speed (N1) which is a maximum rotational 
speed defining a constant torque region, when 
a fixed-position stop command is generated 
while operation of the spindle motor (4) is con- 
trolled in accordance with the speed control; 
setting, as an initial position deviation, a value 
specifying the relation between present posi- 
tion and commanded stop position of the motor 
(4) with respect to one revolution of the motor 
(4) when the motor speed is reduced to the 
speed (N) lower than or equal to the base 
speed (N1), and switching operation control 
mode of the motor (4) from the speed control to 
position control; and 

carrying out linear acceleration/deceleration 
control thereafter until the commanded stop 
position is reached; 

the method comprising: 

detecting the speed of the spindle motor (4) 
and a rotational position of the spindle motor 
(4) with respect to one revolution of the spindle 
when the speed of the spindle motor (4) 
becomes lower than or equal to a said base 
speed (N1) which is a maximum rotational 
speed defining a constant torque region; 
obtaining a minimum amount of movement 
required if the spindle motor (4) is decelerated 
along a deceleration line (L) set based on the 
detected speed, as well as a distance from the 
detected rotational position to a target stop 
position; 

successively adding an amount of movement 
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corresponding to one revolution of the spindle 
to said distance until said distance becomes 
greater than the minimum amount of move- 
ment and setting the obtained value as a posi- 
tion deviation; 5 
carrying out position loop control based on a 
speed command obtained by multiplying the 
square root of the position deviation by a set 
position loop gain; and 

controlling operation of the spindle motor (4) io 
based on the speed command. 

2. The method according to claim 1 , wherein said min- 
imum amount of movement is obtained by dividing 

the square of the detected speed by a parameter 15 
value preset according to the deceleration line, and 
the position loop gain equals the square root of the 
parameter value. 

3. A spindle positioning method according to claim 1 20 
or 2, and comprising the steps of: 

(a) reducing as aforesaid the rotational speed 
of the spindle motor (4) to a speed N, which is 
lower than or equal to a maximum rotational 25 
speed N1 defining a constant torque region, 
when a fixed-position stop command is gener- 
ated; 

(b) calculating a number of pulses P1 that a 
position detector (3) will output when the spin- 30 
die motor (4) is decelerated from the rotational 
speed N at a predetermined deceleration until 

a final stop position; 

(c) calculating a number of pulses a that the 
position detector (3) will output while the spin- 35 
die rotates from a present position to a com- 
manded stop position which is within one 
revolution of the spindle; 

(d) comparing the number of pulses P1 calcu- 
lated in said step (b) with the number of pulses 40 
a calculated in said step (c); 

(e) setting the number of pulses a in an error 
counter as an initial position deviation when the 
number of pulses a is greater than the number 

of pulses P1 , or setting a + n • Prev in the error 45 
counter as the initial position deviation when 
the number of pulses P1 is greater than or 
equal to the number of pulses a, where Prev is 
a number of pulses that the position detector 
outputs during one revolution of the spindle, 50 
said a + n • Prev satisfying the relationship of 

a + (n - 1) • Prev < P1 ^ a + n • Prev 

where n is an integer greater than or equal to 55 
"1"; and 

(f) subtracting the number of feedback pulses 
Pf, output from the position detector (3), from 
the initial position deviation obtained in said 



step (c) to obtain a speed command by multi- 
plying the square root of the obtained differ- 
ence by a gain which is determined by a motor 
deceleration characteristic so that operation of 
the spindle motor (4) is controlled based on the 
speed command. 

Patentanspruche 

1 . Verfahren zum Einstellen der Lage einer Spindel in 
einer gewunschten Drehposition, das Schritte 
umfaBt zum 

Verringern der Drehgeschwindigkeit eines 
Spindelmotors (4) in Ubereinstimmung mit 
einer Geschwindigkeitsregelung auf eine 
Geschwindigkeit (N), die niedriger als eine 
Oder gleich einer Grundgeschwindigkeit (N1) 
ist, welche eine maximal e Drehgeschwindig- 
keit ist, die einen Konstantdrehmomentbereich 
definiert. wenn ein Festpositions-Stoppbefehl 
erzeugt wird, wdhrend der Betrieb des Sptndel- 
Motors (4) in Ubereinstimmung mit der 
Geschwindigkeitsregelung gesteuert wird, 
Einstellen eines Werts als eine anfSngliche 
Positionsabweichung, der die Beziehung zwi- 
schen der gegenwdrtigen Position und der 
befohlenen Stopp-Position des Motors (4) in 
bezug auf eine Umdrehung des Motors (4) 
bezeichnet, wenn die Motor-Geschwindigkeit 
auf die Geschwindigkeit (N) verringert wird, die 
niedriger als die Oder gleich der Geschwindig- 
keit (N1) ist, und Umschalten der Laufrege- 
lungs-Betriebsart Motors (4) von der 
Geschwindigkeitsregelung zu einer Positions- 
regelung, und 

danach Ausfuhren einer linearen Beschleuni- 
gungs/VerzCgerungsregelung, bis die befoh- 
lene Stopp-Position erreicht ist, 

wobei das Verfahren Schritte umfaBt zum 

Erfassen der Geschwindigkeit des Spindel- 
Motors (4) und einer Drehposition des Spindel- 
Motors (4) in bezug auf eine Umdrehung der 
Spindel, wenn die Geschwindigkeit des Spin- 
del-Motors (4) niedriger als die Oder gleich der 
Grundgeschwindigkeit (N1) wird, die eine 
maximale Drehgeschwindigkeit ist, welche 
einen Konstantdrehmomentbereich definiert, 
Gewinnen sowohl eines Minimalbetrags der 
Bewegung, die erforderlich ist, wenn der Spin- 
del-Motor (4) entlang einer Verzdgerungslinie 
(L) verzOgert wird, welche auf der Grundlage 
der erfafBten Geschwindigkeit eingestelft ist, als 
auch einer Distanz von der erfaBten Drehposi- 
tion bis zu einer Zielstopp- Position, 
nacheinander Addieren eines Betrags der 
Bewegung, der einer Umdrehung der Spindel 
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entspricht. zu der Distanz, bis die Distanz gro- 
wer als der Minimalbetrag der Bewegung wird, 
und Einstellen des gewonnenen Werts als eine 
Positionsabweichung, 

Ausfuhren einer Positionsregelkreis-Steuerung s 
auf der Grundlage eines Geschwindjgkeitsbe- 
fehls, der durch Multiplizieren der Quadratwur- 
zel der Positionsabweichung mit einem 
eingestellten Positionsregelkreis-Obertragung- 
sfaktor gewonnen wird, und ro 
Steuern des Betriebs des Spindel -Motors (4) 
auf der Grundlage des Geschwindigkeitsbe- 
fehls. 

2. Verfahren zum Einstellen der Lage einer Spindel is 
nach Anspruch 1 , bei dem der Minimalbetrag der 
Bewegung durch Dividieren des Quadrats der 
erfaflten Geschwindigkeit durch einen Parameter- 
wert, welcher gemaB der Verzogerungslinie vorein- 
gestellt ist, gewonnen wird und der 20 
Positionsregelkreis-Ubertragungsfaktor gleich der 
Quadratwurzel des Parameterwerts ist. 

3. Verfahren zum Einstellen der Lage einer Spindel 
nach Anspruch 1 oder 2, das Schritte umfaBt zum 25 

(a) Verringern der zuvor genannten Drehge- 
schwindigkeit des Spindel -Motors (4) auf eine 
Geschwindigkeit N, die niedriger als Oder 
gleich einer maximalen Drehgeschwindigkeit 30 
N1 ist, welche einen Konstantdrehmomentbe- 
reich definiert, wenn ein Festpositions-Stopp- 
befehl erzeugt wird, 

(b) Berechnen einer Anzahl von Impulsen P1, 

die ein Positionsdetektor (3) ausgeben wird, 35 
wenn der Spindel-Motor (4) aus der Drehge- 
schwindigkeit N heraus bei einer vorbestimm- 
ten Verzogerung bis zum Erreichen einer 
endgultigen Stopp- Position verzogert wird, 

(c) Berechnen einer Anzahl von Impulsen a, 40 
die der Positionsdetektor (3) ausgeben wird, 
wahrend sich die Spindel von einer gegenwar- 
tigen Position bis zu einer befbhlenen Stopp- 
Position dreht, die innerhalb einer Umdrehung 
der Spindel liegt, 45 

(d) Vergleichen der Anzahl von Impulsen P1, 
die in Schritt (b) berechnet ist, mit der Anzahl 
von Impulsen a, die in Schritt (c) berechnet ist. 

(e) Setzen der Anzahl von Impulsen a in einem 
Fehlerzahler als eine anfangliche Positionsab- so 
weichung, wenn die Anzahl von Impulsen a 
grOBer als die Anzahl von Impulsen P1 ist, oder 
Setzen eines Werts a + n • Prev in dem Fehler- 
zahler als die anfangliche Positionsabwei- 
chung, wenn die Anzahl von Impulsen P1 55 
grOGer als die oder gleich der Anzahl von 
Impulsen a ist, wobei Prev eine Anzahl von 
Impulsen ist. die der Positionsdetektor wah- 
rend einer Umdrehung der Spindel ausgibt, der 



Wert a + n • Prev die Beziehung 

a + (n - 1) • Prev < P1 s a + n • Prev 

erfullt, wobei n eine ganze Zahl ist, die gr6Ger 
als oder gleich "1" ist, und 
(f) Subtrahieren der Anzahl von Ruckkopp- 
lungsimpulsen Pf, die von dem Positionsdetek- 
tor (3) ausgegeben sind, von der anfanglichen 
Positionsabweichung, welche in Schritt (c) 
gewonnen ist, um einen Geschwindigkeitsbe- 
fehl durch Multiplizieren der Quadratwurzel der 
gewonnenen Differenz mit einem Obertra- 
gungsfaktor zu gewinnen, der durch eine 
Motor-Verzogerungscharakteristik bestimmt 
ist, so da& der Lauf des Spindel-Motors (4) auf 
der Grundlage des Geschwindigkeitsbefehls 
gesteuert wird. 

Revendications 

1. Un proc6d6 de positionnement de broche permet- 
tant la mise en place d'une broche dans une posi- 
tion de rotation d6sir6e, comprenant les operations 
consistant & : 

r6duire la vitesse de rotation d'un moteur de 
broche (4), en accord avec une commande de 
vitesse, a une vitesse (N) inf6rieure ou 6gale a 
une vitesse de base (N1) qui est une vitesse de 
rotation maximum d6finissant une zone de 
couple constant, lorsqu'une commande d'arr§t 
en position fixe est produite alors que le fonc- 
tionnement du moteur de broche (4) est com- 
mand6 en accord avec la commande de 
vitesse ; 

r£gler, comme 6tant un 6cart de position ini- 
tiate, une valeur sp6cifiant la relation entre la 
position actuelle et la position d*arr§t comman- 
ds du moteur (4) par rapport a un tour du 
moteur (4) lorsque la vitesse du moteur est 
r6duite k la vitesse (N) inferieure ou 6gale a la 
vitesse de base (N1), et commuter le mode de 
commande de fonctionnement du moteur (4), 
de la commande de vitesse a la commande de 
position ; et 

effectuer aprfcs cela une commande d*acc6!6- 
ration/d6c£l6ration lingaire jusqu'a ce que la 
position d'arr§t commarxtee sott atteinte ; 

le proced6 comprenant le fait de : 

d6teder la vitesse du moteur de broche (4) et 
une position de rotation du moteur de broche 
(4) par rapport a un tour de la broche lorsque la 
vitesse du moteur de broche (4) devient infe- 
rieure ou 6gale a ladite vitesse de base (N1) 
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qui est une vitesse de rotation maximum defi- 
nissant une zone de couple constant ; 

obtenir une quantity minimum de d&pfacement 
necessaire si le moteur de broche (4) est d6c6- 5 
I6re le long dune Jigne de deceleration (L) 
regiee sur la base de la vitesse detect6e, ainsi 
qu'une distance entre la position de rotation 
d6tect6e et une position d*arr§t recherchee ; 

10 

ajouter de manure successive, a ladrte dis- 
tance, une quantity de deplacement corres- 
pondant a un tour de la broche jusqu'a ce que 
ladrte distance devienne sup&rieure a la quan- 
tity minimum de deplacement et regler la 15 
valeur obtenue comme etant un 6cart de posi- 
tion ; 

effectuer une commande de boucle de position 
sur la base d'une commande de vitesse obte- 20 
nue en multipliant la racine carree de recart de 
position par un gain de boucle de position qui a 
ete regie ; et 

commander le fonctionnement du moteur de 25 
broche (4) sur la base de la commande de 
vitesse. 

Le proc6d6 selon la revendication 1, dans lequel 
ladrte quantity minimum de deplacement est obte- 30 
nue en divisant le carre de la vitesse detectee par 
une valeur paramgtrique regime au pr6alable selon 
la licjne de deceleration, et dans lequel le gain de 
boucle de position est egal a la racine carr6e de la 
valeur parametrique. 35 

Un procede de positionnement de broches selon la 
revendication 1 ou 2, et comprenant les operations 
consistant a : 

40 

(a) reduire, comme indique ci-dessus, la 
vitesse de rotation du moteur de broche (4) a 
une vitesse (N). laquelle est inf6rieure ou egale 
a une vitesse de rotation maximum (N1) defi- 
nissant une zone de couple constant, 45 
lorsqu'est produite une commande d'arret en 
position fixe ; 

(b) calculer un nombre d'impulsions (P1) qu'un 
detecteur de position (3) delivrera lorsque le so 
moteur de broche (4) est d6celere depuis la 
vitesse de rotation (N) a une deceleration pr6- 
determinee jusqu'a une position d'arr§t finale ; 

(c) calculer un nombre d'impulsions a que le ss 
detecteur de position (3) delivrera pendant que 

!a broche tourne d'une position actuelle a une 
position d'arret command6e qui se trouve a 
I'interieur d'un tour de la broche ; 



(d) comparer le nombre d'impulsions P1 cal- 
cuie dans ladite operation (b) avec le nombre 
d'impulsions a calcuie dans ladite operation (c) 



(e) r6gler le nombre d'impulsions a dans un 
compteur d'erreurs comme etant un ecart de 
position initial lorsque le nombre d'impulsions a 
est superieur au nombre d'impulsions P1, ou 
regler a + n. Prot dans le compteur d'erreur 
comme etant I 'ecart de position initial lorsque le 
nombre d'impulsions P1 est superieur ou egal 
au nombre d'impulsions a, ou Prot est un nom- 
bre d'impulsions que deiivre le detecteur de 
position pendant un tour de la broche, ledrt a + 
n.Prot satisfaisant a la relation : 

a + (n - 1).Prot < P1 ^ a + n.Prot 

ou n est un nombre entier superieur ou egal a 
"1" ; et 

(f) soustraire le nombre d'impulsions de contre- 
r6action Pi, sortant du detecteur de position 
(3), de recart de position initial obtenu dans 
ladite operation (c) afin d'obtenir une com- 
mande de vitesse en multipliant la racine car- 
ree de la difference obtenue par un gain qui est 
determine par une caracteristique de decelera- 
tion du moteur de sorte que le fonctionnement 
du moteur de broche (4) est commande sur la 
base de la commande de vrtesse. 
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